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The patient was a 78-year-old man with dilated cardiomyopathy. His cardio-thoracic ratio
was 60.4% and left ventricular ejection fraction (LVEF) was 33%. He had been repeatedly
admitted for congestive heart failure. He underwent implantation of an implantable
cardioverter-deﬁbrillator (ICD) for ventricular ﬁbrillation. We compared the values of BNP
and shock impedance stored by the ICD. The correlation coeﬃcient (p-value) between BNP
and shock impedance was 0:700 (p < 0:0005), increase of BNP and shock impedance was
0:778 (p < 0:0001), percent increase of BNP and shock impedance was 0:767 (p <
0:0005). In conclusion, there is an inverse relation between BNP and shock impedance, and
measurements of shock impedance may be useful in the management of congestive heart
failure.
(J Arrhythmia 2005; 21: 553–555)
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Introduction
The implantable cardioverter-deﬁbrillator (ICD) is
used for the treatment of fatal arrhythmia all over the
world. Patients with an implanted ICD often have
heart failure. In those patients, management of heart
failure is also important.
Case Report
The patient was a 78-year-old man. He was
admitted to another hospital with dyspnea and
palpitations in 1991. On cardiac catheter examina-
tion, the coronary arteries were normal, and left
ventricular ejection fraction was 32%. He was
diagnosed with dilated cardiomyopathy, and was
subsequently admitted to hospital twice with decom-
pensated heart failure. During the last hospitaliza-
tion, ventricular ﬁbrillation occurred following ven-
tricular tachycardia, and he required cardio-
pulmonary resuscitation. He recovered without any
neurological deﬁcit. He was admitted to our hospital
for implantation of an ICD. Cardio-thoracic ratio
was 60.4% on chest XP, and left ventricular ejection
fraction (LVEF) was 33%, diastolic left ventricular
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dimension was 61mm and left ventricular wall
motion showed diﬀuse hypokinesis on echocardiog-
raphy. BNP was 389.4 pg/ml. A Ventak Prizm 2
(Guidant, St Paul, MN, USA) ICD with dual coil
shock lead was implanted on April 1, 2004. At the
implantation of ICD, pacing threshold, R wave
amplitude and lead impedance of the ventricular lead
were 0.7V/0.4ms, 13.8mV, and 650, respective-
ly, and a deﬁbrillation test was performed. Ventric-
ular ﬁbrillation was induced by shock on T, and the
patient was successfully deﬁbrillated at 21 J and 17 J.
Shock impedance was 51. His medication on
leaving our hospital was enalapril maleate 2.5mg,
metoprolol tartrate 40mg, amiodarone hydrochloride
100mg, furosemide 30mg, spironolactone 25mg,
digoxin 0.125mg, allopurinol 100mg, and warfarin
potassium 2mg per day. After implantation of the
ICD, he was admitted three times for congestive
heart failure, from June 6 to August 1, 2004, from
October 31 to December 4, 2004, and from January
31 to February 16, 2005.
The Ventak Prizm 2 performs daily painless
impedance checks automatically. The impedance
test is uses a biphasic pulse of 15mA/60 ms, 0.4 mJ.
A shock was delivered on the R wave every 24 hr.
Test results were stored in the memory of the ICD
every day until 1 week and every week until 1 year.
We compared the values of BNP and shock
impedance weekly stored by the ICD. When the
days of obtaining BNP data and shock impedance
data were diﬀerent, the mean value of shock
impedance before and after the day of obtaining
BNP was used. The clinical course is shown in
Figure 1. Smirnov test for extreme values was
performed, and one extreme value was excluded.
The average BNP and shock impedance during
follow-up period were 407:7 177:3 pg/ml and
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Figure 1 Clinical course after implantation of ICD.
Before hospitalization, BNP was increased and shock impedance was decreased. Immediately after admission, BNP


















Figure 2 Relation between BNP and shock
impedance.
There were strong negative correlations between
BNP and shock impedance (r2 ¼ 0:517, p <
0:0005).
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respectively. The correlation coeﬃcient (p-value)
between BNP and shock impedance was 0:700
(p < 0:0005), between the increase of BNP and
shock impedance was 0:778 (p < 0:0001), and
between the percent increase of BNP and shock
impedance was 0:767 (p < 0:0005). Simple linear
regression analysis was performed and the results are
shown in Figure 2. There were strong negative
correlations between BNP and shock impedance,
increase of BNP and shock impedance, and percent
increase of BNP and shock impedance.
Discussion
Volume overload is a major problem for patients
with moderate to severe heart failure1,2) and is a
frequent cause of repeated hospital admissions.3,4) In
this case, the patient was admitted to our hospital
several times. Clinical data suggest that changes in
intrathoracic impedance and ﬂuid accumulation in
the lung are inversely related.5,6) As ﬂuid accumu-
lates in the lungs, intrathoracic impedance decreases.
An increase in intrathoracic impedance may also
indicate a reduction in pulmonary capillary wedge
pressure.5,6) The present case indicated that there was
a strong negative correlation between BNP and
shock impedance data stored in the Ventak Prizm 2
automatically. This relation was compatible with
previous reports.
The measurement of intrathoracic impedance with
an implantable device may be aﬀected by some
factors.6) Factors that may contribute to a decrease in
impedance include lung resistivity, heart and lung
tissue mass, skeletal tissue and ICD pocket ﬂuid
build-up. Factors that may contribute to an increase
in impedance include lung resistivity, impact of
lymphantic drainage, ﬂuid redistribution due to
biventricular failure and muscle resistivity. However
sudden decrease of shock impedance may depend on
the lung edema.
In our study, BNP data were not obtained on the
same day as the stored impedance data. Therefore,
the negative correlation was not very strong. Also, as
this report is a single case report, further investiga-
tions are needed.
In conclusion, there is an inverse relation between
BNP and shock impedance, and measurement of
shock impedance may be useful in the management
of congestive heart failure.
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